Abstract-A classification algorithm is applied to UHF radio frequency identification (RFID) system to estimate the indoor position of a passive tag utilizing a received signal strength indicator (RSSI). Passive tag signals are collected by conventional UHF RFID reader antenna located at two different positions. K-NN and curve fitting are used for distance estimation and examined at different frequencies within the range 902-928 MHz to find suitable frequencies which can minimize the average error. In the proposed method, the measured RSSI values are compared with the fingerprint database in different frequencies to find the nearest neighbor. The best accuracy achieved at frequency range 926-928 MHz is 18.3 cm. The monitoring system is composed of a reader and tags under test, which makes the proposed system robust, easy to set up, and with low cost. The limitation of the proposed method is also discussed.
INTRODUCTION
Recently, RFID technologies have been widely used in modern logistics and tracking systems as a reliable monitoring and identification platform. RFID technology is emerged as low-cost and flexible implementations which provide an efficient form of automatic identification, as well as carrying sensing capability which can be used to monitor environmental changes and physical phenomena in the real world. These features encourage the vendors to use the RFID system in different applications such as airport baggage tracking, animal identification, and race timing. Therefore, this technology emerges to be integrated with the internet of things (IoT) [1, 2] . The main advantages of the RFID technology include low budget cost and ability to deploy in differently sized area, and it provides successful support in a harsh environment. These advantages motivate researchers to use it for localization in indoor environments [3] . The RFID system is composed of reader and tag. The reader interrogates the tag by sending an electromagnetic signal through a wireless medium. The tag receives the signal and employs it to power up the tag chip for demodulation and backscatter the signal to the reader.
The indoor environments affect the signal propagation and increase the difficulties to predict the received signal level due to the multipath effect, which is caused by fixed walls or moving objects. The positioning of both RFID tag and reader have been discussed in different studies, and there have been many solutions based on various kinds of information such as frequency, phase, and RSSI. Popular RFID localization methods could be divided into three main categories: 1) a time-based method [4] , 2) phase-based methods [5] [6] [7] [8] , 3) RSSI-based (Received Signal Strength Indicator) methods [9] [10] [11] [12] . The time-based method from a budget perspective is relatively costly, as well as the synchronization requirements, which increase the system complexity. Good accuracy is not guaranteed when using the time-based techniques due to the bandwidth limitation since the total bandwidth for UHF RFID is defined in USA standard limited to a 27 MHz ranged 902-928 MHz [4] .
Regarding the "passive" object positioning, time of arrival (TOA) algorithm has been developed using UWB signals, but it is a complicated and high-cost method [13] . The phase of the backscatter signal depends on both the propagation path and tag modulating properties. The propagation path depends on both the power level and frequency of the transmitted signal. These requirements have made the phase based techniques more complicated. However, the usage of an RSSI signal for localization is widespread in the area of wireless sensor networks (WSN) because it could be measured in a simple way with low cost. Tag identifier and RSSI are directly extracted by the reader from the received signal information. The classification techniques applied on RSSI signal for position sensing can be achieved by radio map or fingerprint technique to observe tag movement in the area of interest [14] , utilizing distributed reference tags or both techniques. The concept of building a radio map depends on locating the tag at known positions and complete information about the selected positions, which is collected then stored in a database. This database is used as a trained sample which is compared with a measured signal to estimate tag position and to calculate the average error. The concept behind utilizing the reference tags for localization is as follows, firstly relying on distributing a number of tags at known locations. Tags at the known locations are used to estimate the target tag position by applying different techniques [15, 16] . Shao and Burkholder [16] link the reference tag technique and radio map fingerprint to improve localization accuracy. The RSSI based techniques utilize the attenuation of the transmitted power to estimate the distance between the interrogator and the target tag. The RSSI based technique has low complexity compared with other techniques. However in most of the studies, it does not achieve high accuracy because the signal strength can be affected by different factors, e.g., multipath, antennas interaction and noise.
There have been various studies investigating the ability to implement the algorithms and methods for tag localization using different RFID techniques in practice [17, 18] . Regarding the requirement for high accurate indoor localization, the traditional methods are not suitable to be adaptive for indoorlocalization using passive RFID technology. The reason is that these traditional methods may either use a simple algorithm [8] or need more hardware such as reference tags or additional reader antennas to maintain the environment changes, or use complex techniques [17] with additional hardware [18] . Most studies [10, 15, 19] using K-NN for UHF RFID location sensing rely on the measured RSSI value at the frequency of 915 MHz, and power strength at this frequency is used as a classification feature. Therefore, the basic K-NN algorithm achieves low accuracy when it deals with a single frequency in the multi-path effect and noisy indoor environment [20] . The value of RSSI may not linearly decrease with the increase of distance due to the noise and multipath effect [15] . In indoor environments, several measured points might map to the same RSSI value [21] leading to significant estimation errors.
To improve the accuracy of RSSI-based algorithms, this article proposes a new idea about distance estimation by combining K-NN algorithm with fingerprint database. Instead of utilizing only the center frequency signals which operate at 915 MHz for both reference and target tags, a wide range of frequencies is included in the investigation. The measured RSSI values are compared with radio map database in different frequencies to investigate and find the frequencies which can mitigate the multipath effects. The main contribution of this research includes testing the conventional center frequency localization result and comparing with the result of the signals which are transmitted in different frequencies within the USA standard band for UHF RFID. The goal of this comparison is to find a suitable frequency range that has high immunity to indoor environment effects. The nearest neighbor is selected by sweeping the frequency of the transmitted signal to find the best frequency range that can achieve higher accuracy for target localization. The measured values of RSSI are set to 0 if the tag cannot be detected with a particular frequency.
This article is organized according to the following description. Section 2 shows related work including characterizing of tag factors and classification algorithm based on RSSI fingerprint database. Section 3 includes training and blind test approach. Section 4 provides experimental results. Finally, Section 5 concludes the manuscript.
RELATED WORK
Tag information is collected by the reader and then stored in a database on the server including the following main parameters: Tag ID, timestamp, and RSSI. The RSSI signal depends on the reading distance (d) between the reader and tag, and other conditions, e.g., interrogator power and operating frequency. Indoor environment influences the RSSI signal with various factors such as free space loss factor, multipath reflection, and interference effects [16] . Utilization of RSSI signal for distance estimation can be achieved by using one of the following procedures 1) characterize the Tag parameters before locating tagged object which is called indirect techniques, 2) use one of the machine learning or probabilistic algorithms directly on the received signal based on fingerprint database which is called direct technique.
Tag Factors Characterization
Depending on the received power the distance could be estimated by using a signal propagation model [1, 13, 22] as shown in Equation (1) . Most methods and algorithms for monitoring and locating objects are based on signal propagation. Anyhow, the received power at the reader antenna depends on various factors which affect the strength of the signal [17] . However, the type of reader antenna and orientation specify the backscatter link budget [23] . The three types of backscatter link budgets are monostatic, bistatic collocated and bistatic dislocated link budget. In the monostatic backscatter link the reader utilizes one antenna for both transmission and receiving, where in the bistatic collocated backscatter link two different antennas are used, one for transmitting and the other for receiving, and they are located in the same local area (within a few wavelengths about centimeters of each other). The bistatic dislocated backscatter-link describes an RF tag reader where two different antennas at two separate locations are used. The monostatic backscatter power is used to calculate the distance d between the tag and reader antenna by Equation (1) [23] :
( 1) where P T is the reader transmitted power [W ], P R the reflected power received by the reader [W ], G T the gain of the interrogator transmitter antenna, G t the gain of the tag antenna, λ the signal wavelength [m], X the polarization mismatch, M the modulation factor, Θ the gain penalty due to tag attachment to different object materials, B the path loss due to blockage, and F 2 the fade margin for monostatic. On-object gain penalty Θ affects the amount of received power. When the object is attached with different materials it returns different powers to the receiver, thus it is very challenging to use the UHF RFID tag in an indoor localization system while it is attached to various objects. Furthermore, it is not easy to estimate the specifications of the commercial tag. Therefore, it will be difficult to predict the distance directly from Equation (1). Instead, classification methods can be used as illustrated in Subsection 2.2.
Classification Algorithm Based on RSSI Fingerprint Database
The fingerprinting technique estimates the location by referring it to remark points. This term is used commonly to explain how to identify the target object location from the detected RSS signals and register all of the information in a computer-based storage system. Fingerprint location-based technique is composed of two processing stages, first building a training data set then testing to identify the target position. In the first process stage, a radio map of the detected RSSI signal, which is measured from different locations, is recorded and saved in the server. Then, for the position estimation process, the signal strength received from the monitored device is compared with the recorded radio map using any of closeness matching techniques, such as k-nearest neighbor (K-NN), to predict the location of the current device.
In fact, there are several developed methods used for distance estimation combining with fingerprint technique [22, 23] . These methods may include probabilistic methods, e.g., Bayesian learning method, Kalman filtering [16] , or they may include machine learning localization algorithms as a support vector machine (SVM) [12] . Anyhow, the complications of these techniques require a high instantaneous processing resource and/or a distribution of high-density reference tags as a landmark map. LANDMARK [13] is a famous technique used for RFID tag localization; this technique depends on the KNN classification algorithm to find the nearest reference tag. The distributed readers or interrogator antennas are M , while the distributed reference tags at the area of interest are N . The received power from any j th target tag is in the form T j = (t (j,1) , t (j,2) , . . ., t (j,M ) ), while t (j,m) defines the backscattered power from the j th target and received by the m th interrogator reader antenna where m ∈ (1, M). The received signal from the n th reference tag by the m th interrogator antenna is formed as R n = (r (n,1) , r (n,2) , . . ., r (n,M ) ), where n ∈ (1, N) . The Euclidean distance formula E (i,n) linked between T j and R n target tag and the reference tag respectively formed as
The j th target tag has its Euclidean distance vector E j = (E (j,1) , E (j,2) , . . ., E (j,N ) ). The reference tag closer to the target tag is assumed to have a smaller Euclidean distance. The calculation of weight coefficient for each reference tag is given by
E j represents the sorted Euclidean distance in ascending order. According to the first k values, k represents the order of the nearest neighbor of reference tag. The estimated location of the j th target, (x j ,ŷ j ), is calculated by
where (x k , y k ) represents the location of the k th selected reference tag [24] .
TRAINING AND BLIND TEST APPROACH
Experiments are conducted by using Thingmagic M6e universal RFID Platform, with 6 dBi reader antenna gain. The platform is used to monitor C1G2 passive tag which is attached to cork and carton objects. These objects are widely used in goods packaging [21] . The transmitter of the reader adjusted to maximum power 35 dBm to increase the coverage area of the monitoring system. Tag is located at different positions as shown in Fig. 1 . In data training process all distances are registered with its corresponding RSSI values in the fingerprint database. Fingerprint database contains 25 data records collected from 25 different positions; each record has 27 fields, which represents the frequency range (902-928) MHz for UHF RFID. At least three samples Figure 1 . Photo of the setup configuration.
for each frequency are taken, then the average value of these three samples is saved as one record. The experiments are applied at aisle which has a width 2.45 m, and the total length exceeds 50 m, but the radio map is limited to 4 m of length.
Specifically, an extensive study of the system behavior is needed. This article focuses on observing RSSI variations of RFID tag located at different positions in an indoor environment. Two way uplink and downlink radar equations are commonly used with localization systems based on RSSI signal [25] . The two way path loss in free space is depicted in Equation (5) P ath loss = λ 4πd
λ is the wavelength of the received signal, and d is the separated distance between the tag and the interrogator antenna. In this study, RSSI is measured and investigated depending on UHF RFID universal reader, where RSSI is manufacturer dependent and not standardized [16] . The tag is placed at a different height from the reader antenna height level and is 30 cm higher above the ground while reader antenna is 57 cm higher above the ground. To detect the tag position and find the horizontal distance dh between the reader antenna and the tag, angle α is used for calibration as shown in Fig. 2(b) . A tagged object placed in different positions at the interrogation zone IZ and the RSSI value is registered for each location to create a radio map database, which is used as a trained record in the estimation algorithm. The received UHF RFID signal is frequency dependent, and the tag used in the experiments is compatible with USA frequency band ranging from 902 to 928 MHz. The reader antenna is located at two different positions to collect signal from train points and test points as shown in Fig. 2(a) . The distance between the reader antennas at position 1 (p1) and position 2 (p2) is 157 cm, and the distance between reader at p1 and the right side wall is 45 cm, where the reader at position p2 is 44 cm from the left side wall. In experimental work, three RSSI samples or more have been taken for each position in the whole frequency range. For more illustrations Fig. 3 From Fig. 4 , we can observe that when the distance is increased, the bandwidth of the frequency response is decreased. But still, it is hard to infer a direct relationship between the RSSI and frequency bandwidth for tag localization. Fig. 4 shows the relationship between the frequency and the average RSSI value measured from different distances, and the received RSSI samples at each frequency are grouped together to calculate the average of the specified frequency. Sometimes, the tag does not respond to lower frequencies within ISM frequency range as shown in Fig. 4 . To overcome this problem the corresponding RSSI values of these frequencies are substituted by zero. Therefore, all distances are represented in the same vector length.
The new concept behind applying the algorithm on different frequencies is to estimate the target's location. This work is done in sequenced steps. In the first step the tag is placed at different positions; then the tag collects signal information to build a radio map database; finally, the location is estimated by comparing the target received signal with the fingerprint database records using K-NN algorithm. Fig. 5 , shows the difference between the estimated distance and the assigned neighbor from the database using the following equations. where
The parameters in Equations (6) to (8) are defined as |d (k) i | (i = 1, . . . , N; k = 1, 2) which represents the separated distance between the P th i fingerprint point and the reader antenna at positions R1 and R2. |d (k) T |, where (k = 1, 2), represents the distance separation between the unknown T target tag and the two readers. |d 12 | represents the distance separation between the two reader antennas R1 and R2.
EXPERIMENTAL RESULTS
After studying the behavior of the signal when the tag moves away from the reader as shown in Fig. 6 , the bandwidth of the frequency response is decreased. This observation leads to enhancing the performance of the K-NN algorithm, and it is obvious in Fig. 6 that the tag responds to the frequencies 926 to 928 MHz in all cases of the distance change. Therefore, the accuracy is increased when applying the algorithm in this frequency range.
The comparative results, as shown in Table 1 , illustrate the accuracy enhancement by applying the K-NN algorithm based on frequency range (926-928) MHz. This frequency range increases the accuracy with about 62.5% compared with the same algorithm applied to the total frequency range (902-928) MHz, while it enhances the algorithm efficiency with about 70% compared with center frequency 915 MHz estimation error result. Curve fitting is applied to the K-NN@(926-928) MHz to get a further improved result.
CONCLUSION
In the current article, K-NN algorithm with fingerprint technique is applied to the RSSI signal, which is received from the RFID system. The proposed method is tested with different frequency ranges, to localize a tag attached to a cork and carton. It is clear that the accuracy is influenced by a number of coefficients in an indoor environment, such as signal reflection from different paths, fading, plus the presence of barriers. In the experimental setup, there is always a line of sight path between the interrogator and the tag.
The average error of the estimated distance in the final experimental result is 18.3 cm which is the average measurement collected at multiple times within the frequency range 926-928 MHz. The center frequency 915 MHz gets the lowest accuracy, which means that it is most affected by the indoor environment. In future work, different types of signals such as phase and RSSI can be combined to improve localization accuracy.
